Wt1 is specifically expressed in Sertoli cells in the developing testis. A previous study has demonstrated that Wt1 plays a critical role in maintaining the integrity of testicular cords. However, the underlying mechanism is unclear. In this study, we found that the laminin-positive basal lamina lining the testicular cords was fragmented and completely absent in some areas of Wt1 À/flox ; Amh-Cre testes, indicating that the testicular cord disruption can be attributed to the breakdown of the basement membrane. To explore the molecular mechanism underlying this effect, we examined the expression of cell adhesion molecules (CAMs) and testicular cord basal lamina components by realtime RT-PCR, Western blotting, and immunostaining. Compared with control testes, the expression of CAMs (such as E-cadherin, N-cadherin, claudin11, occludin, beta-catenin, and ZO-1) was not obviously altered in Wt1 À/flox ; Amh-Cre testes. However, the mRNA level of Col4a1 and Col4a2 was significantly decreased in Wt1-deficient testes. Immunostaining assays further confirmed that the collagen IV protein levels were dramatically reduced in Wt1 À/flox ; Amh-Cre testes. Moreover, luciferase and point mutation analyses revealed that the Col4a1 and Col4a2 promoters were additively transactivated by WT1 and SOX9. Given this finding and previous results showing that SOX9 expression declines rapidly after Wt1 deletion, we conclude that the loss of Wt1 in Sertoli cells results in the downregulation of the important basal lamina component, which in turn causes the breakdown of the basal lamina and subsequent testicular cord disruption.
INTRODUCTION
In mammals, sex determination is a process that the undifferentiated gonad transforms into an ovary or a testis, depending on the expression of testis-determining gene Sry within XY gonads at E11.5 [1] [2] [3] . On the induction of SRY, a cascade of molecular signaling events and developmental processes occur to ensure proper testis development. Sox9, a direct target gene of SRY, specifically expressed in gonad somatic cells, is sufficient to support the differentiation of Sertoli cells [4] . In male embryos, the SRY/SOX9-expressing pre-Sertoli cells rapidly proliferate and cluster around the germ cells after sex determination [5] [6] [7] . The interstitially derived peritubular myoid (PTM) cells then surround the Sertoli and germ cells to form testicular cords. The extracellular matrix (ECM) secreted by Sertoli cells and PTM forms the basal lamina that separates the testicular cords from the interstitial compartment [8, 9] . Endothelial cells migrate into the developing gonad a male-specific manner and contribute to the characteristic male pattern of vasculature [10] . Abnormal formation or disruption of the testicular cords usually leads to gonadal dysgenesis and infertility [11] [12] [13] [14] [15] . Although the basic events in testicular cord development have been defined, the cellular and molecular mechanisms regulating this process are still unknown.
It is generally accepted that cell adhesion molecules (CAMs) and ECM components play important roles in maintaining the integrity of testicular cords [11, 16, 17] . Immunohistochemical assays have shown that CAMs are located on the surface of Sertoli and germ cells and may mediate the interactions between cells inside the cords [16, 18] . The basal lamina, which is secreted mainly by Sertoli cells, is localized between the PTM and Sertoli cells and also contributes to testis cord structural maintenance [19, 20] . Laminin and collagen IV are the major components of the basal lamina, accounting for about 90% of the ECMs [21] . The endothelial cells that migrated from the adjacent mesonephros are also thought to be involved in testis cord formation because inhibiting the endothelial cell migration disrupts the development of testis cords [22, 23] .
The Wt1 gene encodes a nuclear transcriptional factor that is expressed in coelomic epithelial cells and mesenchymal cells of the urogenital ridge. After sex determination, Wt1 is specifically expressed in Sertoli cells of the differentiating testis [12] . Previous studies have demonstrated that Wt1 is essential for gonad development, as deletion of Wt1 results in embryonic lethality and gonad agenesis [24] . Inactivation of Wt1 in Sertoli cells after sex determination causes aberrant testis development because of testicular cord disruption [12] . This result indicates that Wt1 plays a critical role in maintaining the integrity of the testicular architecture, but the cellular mechanisms underlying this effect are still unknown.
To investigate the mechanism of Wt1 in the maintenance of testicular cord integrity, Wt1 was specifically inactivated in Sertoli cells shortly after sex determination using using Wt1 flox and Amh-Cre mouse strains as previously described [12] . The expression of CAMs and ECM components was examined by real-time RT-PCR, Western blotting, and immunostaining. Here, we showed that the expression of collagen IV was significantly reduced in Wt1 À/flox ; Amh-Cre testes and that the promoters of both Col4a1 and Col4a2 were additively transactivated by WT1 and SOX9. These results demonstrate that Wt1 contributes to the maintenance of testicular cord architecture by regulating the expression of Col4a1 and Col4a2.
MATERIALS AND METHODS

Mouse Lines and Crosses
The animal experiments were approved by the Committee on Animal Care at the Institute of Zoology, Chinese Academy of Sciences. All of the mice were maintained on a C57BL/6; 129/SvEv mixed background. Wt1 þ/flox mice [12] were mated with mice carrying the Wt1-null allele (Wt1 þ/À ) [25] and the AmhCre transgenic mice [26] to generate Wt1 À/flox ; Amh-Cre mice. DNA isolated from adult tails or fetal tissues was used for genotyping. Genotyping was performed by PCR as previously described [12] .
Immunohistochemistry and Immunofluorescence
The day on which the vaginal plug was observed was designated as E0.5. Embryos were collected at E14.5, E15.5, E16.5, and E17.5. Embryos were dissected in PBS and fixed in 4% paraformaldehyde for up to 24 h, stored in 70% ethanol, and embedded in paraffin. Next, 5-lm-thick sections were cut and mounted on glass slides. Sections were deparaffinized, rehydrated, and subjected to antigen retrieval in 10 mM sodium citrate buffer or pepsin. After blocking in 5% BSA for 1 h, the sections were incubated with the primary antibody at 48C overnight. After washing with PBS, the secondary antibody was applied for 1 h, followed by washing in PBS. Staining was visualized using a DAB substrate kit (Zhong Shan Technology).
For immunofluorescence, the sections were blocked in blocking buffer (goat serum, 0.3% Triton X-100 in PBS) at room temperature for 1 h and then incubated with primary antibodies overnight at 48C. Sections were washed in 0.3% Triton X-100 in PBS and incubated in FITC or TRI-TC-conjugated secondary antibodies (Jackson ImmunoResearch) for 1 h. Sections were washed in 0.3% Triton X-100 in PBS and stained with DAPI (Sigma) to label the nuclei.
The following antibodies were used in this study: rabbit anti-laminin (1/ 400, Abcam, ab11575), rabbit anti-E-cadherin (1/400, Abcam, sc-53003), 
Real-Time RT-PCR
E15.5 testes were lysed with Trizol reagent (Invitrogen) and total RNA was extracted according to the manufacturer's instructions. Measurement of RNA integrity and cDNA synthesis of cDNA were performed as previously described [16] . Each sample was measured in duplicate in at least three independent experiments. Samples CT values were normalized to the corresponding Gapdh CT values, and relative expression levels were calculated using the DDCT method [27] . Primer pairs were listed in Supplemental Table  S1 (all Supplemental Data are available online at www.biolreprod.org).
Western Blot Analysis E15.5 testes were lysed in a radioimmune precipitation assay lysis buffer containing protease inhibitor cocktail tablets (Roche). Protein concentrations were measured using the Bradford assay (Bio-Rad Laboratories). The proteins were electrophoresed under reducing conditions on 10% SDS-PAGE gels and transferred to nitrocellulose membranes. The blots were incubated with the primary antibody overnight at 48C and then with the corresponding horseradish peroxidase-labeled secondary antibody for 1 h at room temperature. Specific signals were detected using the enhanced chemiluminescence Western blotting detection system.
The following antibodies were used in this study: rabbit anti-b-catenin (1/ 1000, Abcam, ab6302), rabbit anti-occludin (1/1000, Abcam, ab31721), rabbit anti-ZO-1 (1/1000, CST, #5406), rabbit anti-claudin11 (1/1000, Novus, 91709), rabbit anti-b1-integrin (1/400, Epitomics, 1798-1), rabbit anti-laminin (1/400, Abcam, ab11575), rabbit anti-NCAM-1 (1/1000, Epitomics, 2433-1), and rabbit anti-b-tubulin (1/2000, Abcam, ab6046).
Plasmid Construction
Mouse Wt1 cDNA was amplified by PCR using testis cDNA and subcloned into the PCB6þ vector. The primers used were as follows: 5 0 -TACT GGATCCGGTTCCGACGTGCGGGAC-3 0 and 5 0 -TCAGAATTCTGCC TGGGATGCTGGAC-3 0 . Mouse Sox9 cDNA was amplified by PCR using testis cDNA and subcloned into the pcDNA3 vector (Invitrogen). The primers used were as follows: 5 0 -ATGAATCTCCTGGACCCCT-3 0 and 5 0 -GGGTCTGGTGAGCTGTGTGTAGAC-3 0 . The 902-base-pair (bp) bidirectional promoter fragments, the 410-bp Col4a1 enhancer, and the 326-bp Col4a2 enhancer were amplified by PCR from mouse genomic DNA and subcloned into the pGL3-basic luciferase reporter vector (Promega).
Site-Directed Mutagenesis
Point mutation of WT1A was performed by site-directed mutagenic PCR, using the PCB6þWT1A construct as template. The synthetic Col4a1 and Col4a2 promoters construct containing WT1 binding site mutations and enhancer construct containing SOX9 binding site mutation were also generated by site-directed mutagenesis. Flanking primer with the opposite orientation listed in Supplemental Table S2 , and mutations were verified by sequencing. 
Cell Culture and Transfection
Statistical Analysis
Statistical differences between multiple groups were analyzed by one-way analysis of variance followed by a Student t-test; P , 0.05 was considered significant. At least three independent replicates were performed for each experiment. Bar graphs were plotted in Microsoft Excel.
RESULTS
The Basal Lamina Broke Down in Wt1
À/flox ; Amh-Cre Testes A previous study suggests that Wt1 is essential for maintaining testicular function after the sex determination stage, using Wt1 À/flox ; Amh-Cre knockout male, in which Wt1 is specifically ablated in Sertoli cells at E14.5 [12] . The same knockout mice models were used in this study, and the same phenotype was observed as previously reported [12] . As shown in Supplemental Figure To explore the mechanisms that cause the testicular cord disruption in Wt1 À/flox ; Amh-Cre testes, immunostaining against laminin, a major component of the basal lamina [28] , was examined. In control testes, all testicular cords (asterisks) were clearly delineated by a laminin-positive basal lamina that separated the testicular cords from the interstitial tissue (Fig. 1,   CHEN ET AL.
A-C, black arrowheads) from E14.5 to E16.5. In Wt1 À/flox ; Amh-Cre testes, the testis cords (asterisks) were not obviously disrupted and surrounded by a continuous basal lamina (Fig.  1D , arrowheads) at E14.5. However, the basal lamina appeared to fragment in some areas (Fig. 1, E and F, arrowheads indicated regions with normal basal lamina; arrows indicated areas where the basal lamina was absent) in Wt1 À/flox ; Amh-Cre testes at E15.5 and E16.5. Moreover, double-staining results graphically revealed that MVH-positive germ cells protruded from the testis cords at the sites where the basal lamina was broken (Supplemental Figure S2) . Taken together, these data indicate that the testicular cords disruption in Wt1 À/flox ; AmhCre testes is most likely due to the breakdown of the basal lamina.
CAM Expression Was Not Obviously Altered in Wt1
À/flox ;
Amh-Cre Testes
Previous studies suggested that CAMs are involved in testicular cord formation and maintenance [11] . E-cadherin and N-cadherin are Ca 2þ -dependent CAMs localized to adherens junctions in germ cells and Sertoli cells [16] . To identify whether testicular cord disruption in Wt1 À/flox ; Amh-Cre testes was due to dysregulation of CAMs, immunostaining was used to examine the expression of E-cadherin and N-cadherin between control and Wt1 À/flox ; Amh-Cre testes. We found that E-cadherin was specifically expressed in the cell membranes of germ cells in control testes (Fig. 2, A-C) , and its expression was not obviously altered in Wt1-deficient testes (Fig. 2, D-F) . In Wt1 À/flox ; Amh-Cre testes, membrane-localized E-cadherin protein was detected in germ cells within intact testis cords (asterisks) as well as germ cells scattered throughout the interstitium (black arrows). N-cadherin was expressed predominantly by Sertoli cells and localized to the boundaries between Sertoli cells in control testes (Fig. 2, G-I) . In Wt1 À/flox ; AmhCre testes, N-cadherin was also detected in Sertoli cells within both intact and disrupted tubules (Fig. 2 , J-L, black arrows). Real-time RT-PCR and Western blot analyses further confirmed that the mRNA and protein levels of E-cadherin and Ncadherin did not obviously differ between the control and Wt1 À/flox ; Amh-Cre testes at E15.5 (Fig. 3 ). In addition, we found that the expression of other CAMs (including claudin11, occludin, b-catenin, and ZO-1) was not significantly altered in Wt1 À/flox ; Amh-Cre testes by Western blot (Fig. 3) . Immunofluorescence analysis also revealed that b-catenin, occludin, ZO-1, and claudin11 were normally expressed in Wt1 À/flox ; Amh-Cre testes (Supplemental Figure S3) . These results indicate that the breakdown of the basal lamina in Wt1 À/flox ; Amh-Cre testes could not be attributed to the differential expression of CAMs.
Basal Lamina Components Were Dysregulated in Wt1
Amh-Cre Testes
In addition to CAMs, the basal lamina produced by Sertoli cells is of great importance for the integrity of testicular cords [8, 20, 29] . To explore the detailed mechanism of the basal lamina breakdown in Wt1 À/flox ; Amh-Cre testes, we examined the expression of basal lamina components by real-time RT-PCR and Western blotting. Of particular note, the expression of collagen IV was significantly decreased in Wt1 À/flox ; Amh-Cre testes, whereas the protein levels of laminin and b1-integrin were not obviously altered (Fig. 3B) . Type IV collagen is found primarily in the basal lamina and the interstitial space [30] [31] [32] . There are six isoforms of type IV collagen (a1-a6), each of which can form a triple-helix structure with other chains to generate a type IV collagen network [33] . Our realtime RT-PCR assay revealed that the mRNA levels of Col4a1 and Col4a2 were notably reduced in Wt1 À/flox ; Amh-Cre testes, whereas the expression of Col4a3, Col4a4, Col4a5, and Col4a6 was not affected (Fig. 3A) . Collagen IV expression was further examined by immunofluorescence. As shown in Figure  4 , A-D, collagen IV was detected in the basal lamina (white arrowheads) and the interstitial space in control testes. However, the intensity of collagen IV staining was significantly reduced in both basement membrane (Fig. 4, E-H 
Wt1 MAINTAINS TESTICULAR CORDS INTEGRITY dotted line) in Wt1
À/flox ; Amh-Cre testes, which was consistent with the real-time RT-PCR and Western blotting results described above. The mRNA levels of Sox9, Dhh, Col4a1, and Col4a2 were significantly reduced shortly after Wt1 ablation (Fig. 4I) . These results prompted us to perform indepth analysis to explore the regulatory mechanism between transcription factors WT1, SOX9, and DHH and Col4a1 and Col4a2 promoters in Wt1 À/flox ; Amh-Cre testes.
The Col4a1 and Col4a2 Promoters Were Transactivated by WT1 (ÀKTS)
The Col4a1 and Col4a2 genes are linked in a head-to-head arrangement and are transcribed by a bidirectional promoter (BP) in opposite orientations [34] [35] [36] , and multiple potential WT1 binding sites lie within the bidirectional promoter (indicated by black ovals; Fig. 5A ). To examine whether the Col4a1 and Col4a2 bidirectional promoter is regulated by WT1, luciferase reporter vectors for each gene bearing the 0.9-kb BP were generated and designated as Col4a1 BP-Luc and Col4a2 BP-Luc. TM4 cells were transiently transfected with a defined amount of Col4a1 BP-Luc or Col4a2 BP-Luc and the Renilla luciferase reporter plasmid, together with empty plasmid (PCB6þ) or expression vectors carrying different WT1 isoforms (PCB6þWT1A,B,C,D). The cells were lysed, and luciferase activities were measured 36 h after transfection. As shown in Figure 5 , B and C, the luciferase activity of TM4 cells transfected with WT1A or B (ÀKTS) was increased approximately threefold compared with the controls. In contrast, no difference was observed between the control and WT1C or D (þKTS)-transfected TM4 cells. Further, we found that the Col4a1 and Col4a2 promoters were activated by WT1A in TM4 cells in a dose-dependent manner, and their regulatory elements were already saturated at the doses lower than 100 ng (Fig. 5, D and E) . To determine the effect of WT1 (ÀKTS) in regulating the Col4a1 and Col4a2 promoters, we created two types of mutations in WT1A. One group of mutants contained changes in the zinc finger region (R366C, H377Y, and R394W), and the other group contained (F154S and S273A) changes outside that zinc finger region [37, 38] . These mutants were tested for their ability to transactivate the Col4a1 and Col4a2 promoters in TM4 cells (Fig. 6) . Mutants containing changes in the zinc finger region, such as R366C, H377Y, and R394W, failed to activate the Col4a1 and Col4a2 promoter. In contrast, the mutants with mutations outside the zinc fingers region, such as F154S and S273A, had transactivational potentials similar to that of wild-type WT1A (Fig.  6, A and B) . Western blot data from TM4 cell extracts showed that all the mutant proteins were expressed at similar levels (Fig. 6C) . Together, these results indicate that WT1 regulates the expression of Col4a1 and Col4a2 in Sertoli cells. ; Amh-Cre testes (white dotted line) and completely absent in some tubules (white dotted line). The asterisks in A-H point to testicular cords. Bars ¼ 50 lm. I) Real-time RT-PCR was tested for the mRNA levels of Sox9, Dhh, Col4a1, and Col4a2 after Wt1 ablation at E14.5 and E15.5. The mRNA levels of Sox9, Dhh, Col4a1, and Col4a2 were significantly reduced shortly after Wt1 ablation at E14.5. Error bars represent SEM. *P , 0.05 (by t-test).
CHEN ET AL.
To study the interaction between WT1 and the Col4a1 and Col4a2 promoters, mutations at predicted WT1-binding sequence were introduced in the Col4a1 and Col4a2 promoters (Fig. 7A) , and these constructs were assayed for their responsiveness to WT1A in TM4 cells and compared with the wild-type construct (Fig. 7, B and C) . Replacement of all three Gs with Ts at the À207 and À91 positions almost completely blocked transactivation by WT1A. In contrast, three G-to-T substitutions in the À233 and þ371 positions did not significantly reduce reporter gene activity (Fig. 7, B and C) . These results indicated that WT1 regulates Col4a1 and Col4a2 through interacting with the WT1 binding site at the À207 and À91 positions of the Col4a1 and Col4a2 promoters.
The Col4a1 and Col4a2 Promoters Were Additively Activated by WT1 and SOX9 SOX9 has been reported to regulate Col4a2 expression in kidney mesangial cells in a process involving an upstream enhancer [37] . Previous studies have demonstrated that WT1/ SOX9 cooperation regulates transcription of genes required for mammalian sex determination and differentiation [38] [39] [40] . In Wt1 MAINTAINS TESTICULAR CORDS INTEGRITY this study, we showed that the protein level of SOX9 was dramatically reduced shortly after Wt1 deletion (Fig. 8B) . To examine whether SOX9 is also involved in WT1-induced Col4a1 and Col4a2 expression in Sertoli cells, luciferase reporter vectors bearing the 0.9-kb BP with the upstream enhancer of Col4a1 and Col4a2 were generated and designated as Col4a1 BPE-Luc and Col4a2 BPE-Luc (Fig. 8A) . TM4 cells were transiently transfected with a defined constant amount of Col4a1 BPE-Luc or Col4a2 BPE-Luc and the Renilla luciferase reporter plasmid, together with empty plasmid (PCB6þ) or the WT1 (PCB6þWT1) or SOX9 (pcDNA3-SOX9) expression vectors. Luciferase activities were measured 36 h after transfection as described above. We observed that both WT1 and SOX9 transactivated the Col4a1 and Col4a2 gene BP-Luc promoters, but luciferase activity was significantly increased on transfection with the Col4a1 BPE-Luc or 
Col4a2 BPE-Luc reporter vectors that contained the upstream enhancers (Fig. 8, C and D, lines 2-5 ). This finding indicates that the upstream enhancers are required for the full transactivation of the Col4a1 and Col4a2 promoters by WT1 or SOX9. In addition, we found that luciferase activity was dramatically increased when the Col4a1 BPE-Luc and Col4a2 BPE-Luc reporter vectors were cotransfected with the WT1 and SOX9 expression vectors in combination compared with the WT1 or SOX9 vector alone (Fig. 8, C and D, lines 2-5 and 7). However, luciferase activity was not increased in cells cotransfected with the WT1 and SOX9 expression vectors and the Col4a1 BP-Luc or Col4a2 BP-Luc reporter vectors (Fig. 8, C and D, lines 6 and 7) .
To confirm the additive role of SOX9 involving in WT1-induced Col4a1 and Col4a2 expression, we introduced mutations in the plasmid expected to disrupt the SOX9 binding site within the Col4a1 and Col4a2 promoters (Fig. 9A ) and examined the transactivational activity in the luciferase assays (Fig. 9, B and C) . We showed that replacement CAA with TTT at the þ34 position (in the promoter region) and the À4087, À3962, and þ2423 positions (in the enhancer region) almost completely blocked the additive transactivation of the Col4a1 and Col4a2 promoters induced by WT1A and SOX9 (Fig. 9 , B and C). Taken together, these results suggest that the Col4a1 and Col4a2 promoters are additively transactivated by WT1 and SOX9 in a process that depends on the upstream enhancers.
DISCUSSION
The development of testis cords is a central feature in male gonad differentiation [15] because these structures provide the physical support for germ cell differentiation [41, 42] . Abnormal formation or disruption of the testicular cords further leads to gonadal dysgenesis and infertility [11] [12] [13] [14] [15] . Previous studies have suggested that CAMs, which are expressed by Sertoli cells and germ cells [18] , play an important role in testis cord development [11, 16] . The basal lamina that separates the testicular cords from the interstitium Wt1 MAINTAINS TESTICULAR CORDS INTEGRITY also plays a critical role in maintaining testicular cord integrity [11, 15, 43] .
A previous study found that deletion of Wt1 in Sertoli cells at the early embryonic stage causes testicular cord disruption [12] . However, the detail molecular mechanism is unclear. In this study, we performed an in-depth analysis to better understand the molecular events that cause testis cord disruption in Wt1 À/flox ; Amh-Cre mice.
Dysregulation of Collagen IV Is the Dominant Reason for Testicular Cord Disruption
We carefully examined the CAMs between control and Wt1 À/flox ; Amh-Cre mice. The expression of E-cadherin, Ncadherin, and other cell adhesion molecules (including claudin11, occludin, b-catenin, and ZO-1) was not altered in Wt1 À/flox ; Amh-Cre testes at either the mRNA or the protein level. These results indicate that the disruption of testicular cords in Wt1 À/flox ; Amh-Cre testes cannot be attributed to the dysregulation of CAMs. Moreover, we showed that the laminin-positive basal lamina appeared to fragment in some areas in Wt1 À/flox ; Amh-Cre testes at E15.5 and E16.5. Although the immunohistochemical results showed that the laminin expression was discontinuous or absent in some areas of the Wt1 À/flox ; Amh-Cre testes, the real-time RT-PCR and Western blotting results revealed that laminin expression was not significantly decreased in Wt1 À/flox ; Amh-Cre testes compared with the controls. We also found that the MVHpositive germ cells protruded into testes interstitium at the lamina-absent areas. These results indicate that discontinuous laminin staining was most likely due to the breakdown of the basal lamina and detachment of Sertoli cells in some areas from the testicular cords rather than the decrease of laminin expression in Wt1-deficient testes. Collagen IV, in contrast, was an ECM component that was significantly decreased in Wt1 À/flox ; Amh-Cre testes. There are six isoforms of type IV collagen (a1-a6), each of which can form a triple-helix structure with other chains to generate a type IV collagen network [33] . We found that Col4a1 and Col4a2 were significantly decreased in Wt1 À/flox ; Amh-Cre testes, but the mRNA level of other isoforms was not affected. Because all of the isoforms are involved in the assembly of the collagen IV network, loss of Col4a1 and Col4a2 probably resulted in the disassembly of the network, which in turn caused basal lamina breakdown and testis cord disruption. Therefore, disruption of testicular cords in Wt1 À/flox ; Amh-Cre testes is most likely be attributed to the downregulation of collagen IV.
WT1/SOX9 Cooperation Regulates Transcription of Col4a1 and Col4a2
Our luciferase assays revealed that the promoters of both Col4a1 and Col4a2 were transactivated by WT1, and sitedirected mutagenesis further confirmed that WT1 regulates the Col4a1 and Col4a2 promoters through interacting with the WT1 binding site at the À207 and À91 positions. The mRNA (Fig. 4I ) and protein level (Fig. 8B ) of SOX9 were dramatically reduced shortly after Wt1 deletion. Previous studies have demonstrated that WT1/SOX9 cooperation regulates transcription of genes required for mammalian sex determination and differentiation [38, 40, 44] , and Sox9 and Sox8 also are involved in basal lamina integrity maintenance and normal testicular cord development by regulating collagen IV. Given this evidence, we further demonstrated that the activity of the Col4a1 and Col4a2 promoters was dramatically induced by cotransfection with both WT1 and SOX9, indicating that SOX9 is involved in WT1-induced Col4a1 and Col4a2 expression. Site-directed mutagenesis further proved that the predicted SOX9 binding sites in promoter and enhancer regions were essential for WT1/SOX9-induced Col4a1 and Col4a2 expression.
Difference Between Wt1
À/flox ; Amh-Cre Testes and the Sox9 and Sox8 Double-Knockout Testes A recent study demonstrated that Sox9 and Sox8 are involved in maintenance of basal lamina integrity and normal testicular cord development by regulating collagen IV [13] . The testicular cord disruption in Wt1-deficient testes in this study was not likely due to loss of SOX9 expression because conditional knockout Sox9 using the same Cre mice, Amh-Cre, did not cause testicular cords disruption [16] . The phenotype and underlying mechanisms between Wt1 À/flox ; Amh-Cre testes and Sox9 D/D ; Sox8 À/À testes are distinct from each other. In CAA at the predicted SOX9-binding sequence in the Col4a1 and Col4a2 promoters were replaced with TTT. B and C) The additive transactivation of WT1 and SOX9 on the Col4a1 and Col4a2 promoters was almost completely abolished when CAA was substituted with TTT at þ34 position (in the promoter region) and the À4087, À3962, and þ2423 positions (in the enhancer region). Error bars represent SEM. *P , 0.05 (by t-test).
